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We simulated  dog  population  dynamics  for a  thirty-years  period  using  a  logistic  growth  model.  Through
sensitivity  analyses,  we  determined  the  inﬂuence  of  the  parameters  used  in the  model.  Carrying  capacity
was  the  most  inﬂuential  parameter  in all simulations.  In  the  owned-dog  population,  the  inﬂuence of
immigration,  abandonment  and  births  was  19%,  16%  and 6% of  the  inﬂuence  of  the  carrying  capacity,
respectively.  In the  sterilized  owned-dog  population,  the  inﬂuence  of abandonment,  female  and  male
sterilization  was  37%,  30%  and  27%  of  the  inﬂuence  of the  carrying  capacity.  In  the  stray  population,  the
inﬂuence  of  abandonment,  carrying  capacity  of the  owned-dog  population  and  adoption  was  10%,  9%
and  6%  of  the  inﬂuence  of the  carrying  capacity.  In  the  sterilized  stray  population,  the inﬂuence  of  births,athematical modeling
ensitivity analysis
nimal welfare
female  sterilization  and  male  sterilization  was  45%,  15%  and 13% of  the  inﬂuence  of the  carrying  capacity.
Other  parameters  had  lower  inﬂuence  values.  Modiﬁcation  of the  carrying  capacity  requires  different
interventions  for  the  owned-  and stray-dog  populations.  Dog  trade control  is a way  to  reduce  immigration.
The  evaluation  of  sterilization  effects  must  focus  on  the  variations  in  the  infertile  population  fraction.
Adoption  may  improve  the  effects  of the  reduction  in carrying  capacity  on  the  stray-dog  population.
©  2015  Elsevier  B.V.  All  rights  reserved.. Introduction
Canine population management aims to modify the determi-
ants of population dynamics (reduction of unwanted births and
bandonment, increase in prophylactic treatment coverage and
mmigration control) to promote the health and well-being of both
ogs and people (Garcia et al., 2012). However, these determinants
nteract in a complex way, and modiﬁcations of a given determinant
ay  be intensiﬁed, reduced or canceled by changes in other deter-
inants. Additionally, a given objective (for example, reduction in
he population of stray dogs) is usually favored by the modiﬁca-
ion of more than one determinant, and resource limitations may
revent interventions with ideal scope and magnitude. Therefore,
here is a need to prioritize the modiﬁcation of the most inﬂuential
eterminants.
Aiming to improve the knowledge of dog population dynam-
cs and to facilitate the evaluation of population management
nterventions, we developed a logistic growth model based on a
oupled system of differential equations. We  jointly evaluated the
ffect of immigration on the population of owned dogs and the
∗ Corresponding author.
E-mail address: oswaldosant@gmail.com (O. Santos Baquero).
ttp://dx.doi.org/10.1016/j.prevetmed.2015.11.009
167-5877/© 2015 Elsevier B.V. All rights reserved.effects of abandonment, sterilization and adoption on the dynam-
ics of owned- and stray-dog populations, structured by gender.
We considered a net migration equal to zero for stray dogs. Using
sensitivity analyses, we  determined the inﬂuence of the parame-
ters and, consequently, the impact of interventions aimed at these
parameters.
2. Material and methods
To model dog population dynamics, we  used a coupled system of
ordinary differential equations (Fig. 1). In the model, females f and
males m could be owned 1 or strays 2, and they could be sterilized
s. An additional compartment q was  deﬁned to represent an immi-
gration source of owned animals and a proportion of immigrants z
were sterilized. Sterilization rates s 1, abandonment rates a, adop-
tion rates  ˛ and death c rates were explicitly modeled. Interaction
between sexes were given by a fertility function w.  We  extended
our simulations along a 30 years period to always show transient
dynamics and population sizes at equilibrium.
1 Although both reproductive status (sterilized or not) and sterilization rates were
represented by s, the ﬁrst was always a preﬁx and the last was always a subscript.
122 O. Santos Baquero et al. / Preventive Veterinary Medicine 123 (2016) 121–127
F  femal
z bando
w
i
t
l
2
n
n
n
a
d
a
2
big. 1. Compartmental model of dog population dynamics. q: immigrants; f: intact
:  proportion of sterilized immigrants; w: birth function; c: mortality function; a: a
We  assumed that all rates were constant, population growth
as density-dependent (in the owned-dog population, the fertil-
ty function was density-dependent; in the stray-dog population,
he mortality function was density-dependent), sterilization was
ifelong and migrants came from external areas and trade.
.1. System of equations
Following the notation introduced in Fig. 1,
1 = f1 + fs1 + m1 + ms1, (1)
2 = f2 + fs2 + m2 + ms2 and (2)
 = n1 + n2, (3)
re the total number of owned dogs, the total number of stray
ogs, and the total number of dogs, respectively. Neighborhood and
bandoned dogs are considered as strays (Slater, 2001)..1.1. Owned females
Consider h the mean size of the harem (mating system described
y the number of females per male), b1 the number of births andes; m:  intact males; fs: sterilized females; ms: sterilized males; 1: owned; 2: stray;
nment rate; ˛: adoption rate; s sterilization rate.
df1 and dfs1 the mortality rates of females and sterilized females,
respectively. The fertility function was  calculated based on the
equation used by Caswell (2001) and presented in Eq. (4). This func-
tion was  modiﬁed by introducing the density-dependence so that
a new fertility function was obtained, wf1 , determined by Eq. (5).
yf1 =
b1
2f1
= x1m1
m1 + f1h−11
(4)
wf1 = yf1 − (yf1 − df1 )
n1
k1
(5)
where x1 is the number of births per harem, calculated from the
second equality of Eq. (4).
The mortality function is equal to the mortality rate
cf1 = df1 . (6)The immigration rate is equivalent to a fraction v of the car-
rying capacity of the owned-dog population, and a fraction z of
immigrants is sterilized. Assuming that the male/female ratio of
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mmigrants is 1, the immigration of intact and sterilized females is
iven by:
(1 − z)q
2
= (1 − z)vk1
2
and (7)
zq
2
= zvk1
2
. (8)
The density-dependence also limits adoptions  ˛ and the immi-
ration of intact and sterilized females:
df 1
dt
= (wf1 (t) − cf1 − sf1 − a)f1(t)
+
(
˛f2(t) +
(
(1 − z)q
2
))  (
1 − n1(t)
k1
)
and (9)
df s1
dt
= −(cf1 + a)fs1(t) + sf1 f1(t) +
(
˛fs2(t) +
(
zq
2
))  (
1 − n1(t)
k1
)
.
(10)
Following the same logic used to construct the equations for the
wned females, the equations to represent the dynamics of owned
ales and stray females and males were constructed.
.1.2. Owned males
m1 =
b1
2m1
= x1f1
m1 + f1h−11
(11)
m1 = ym1 − (ym1 − dm1 )
n1
k1
(12)
The mortality function is equal to the mortality rate.
m1 = dm1 . (13)
dm1
dt
= (wm1 (t) − cm1 − sm1 − a)m1(t)
+
(
˛m2(t) +
(
(1 − z)q
2
))  (
1 − n1(t)
k1
)
(14)
dms1
dt
= −(cm1 + a)ms1 (t) + sm1m1(t)
+
(
˛ms2 (t) +
(
zq
2
))  (
1 − n1(t)
k1
)
(15)
In the stray population, the density-dependence modiﬁes the
ortality and the abandonment a, and there is no immigration.
.1.3. Stray females
f2 =
b2
2f2
= x2m2
m2 + f2h−12
(16)
f2 = df2 + (wf2 − df2 )
n2
k2
(17)
df 2
dt
= (wf2 (t) − cf2 (t) − sf2 − ˛)f2(t) + af1(t)
(
1 − n2(t)
k2
)
(18)
df s2
dt
= −(cf2 (t) + ˛)fs2(t) + sf2 f2(t) + afs1(t)
(
1 − n2(t)
k2
)
(19)
.1.4. Stray males
b2 x2f2m2 = 2m2
=
m2 + f2h−12
(20)
m2 = dm2 + (wm2 − dm2 )
n2
k2
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dm2
dt
= (wm2 (t) − cm2 (t) − sm2 − ˛)m2(t) + am1(t)
(
1 − n2(t)
k2
)
(22)
dms2
dt
= −(cm2 (t) + ˛)ms2 (t) + sm2m2(t) + ams1 (t)
(
1 − n2(t)
k2
)
(23)
We solved the differential equations numerically using the
Runge–Kutta fourth-order method (Soetaert et al., 2012).
2.2. Parameter estimation
The parameters for owned dogs were obtained from a survey in
the urban area of the city of Votorantim, São Paulo, Brazil, from the
literature or from the opinion of experts. The parameters for stray
dogs were deﬁned based on the opinion of experts and on the litera-
ture. We  estimated the stray population size as 5% of the owned-dog
population (Matos and Alves, 2002). From this value, we  divided the
stray population into males and females considering a gender ratio
equal to 1. We  also considered that 5% of males and 10% of females
were sterilized. The number of births in the stray population corre-
sponded to the birth rate estimated in another study (0.34 year−1)
(Amaku et al., 2010). We considered a polyandrous mating system
for the stray population (h2 < 1). The immigration rate of owned
dogs was equivalent to 20% of the respective carrying capacity, and
10% of immigrants were sterilized. We  considered a net migration
equal to zero for stray dogs (Table 1).
2.3. Global sensitivity
Global sensitivity analysis are used to assess the contributions of
the model parameters to the variation in the model output (Reichert
and Kﬁnsch, 2001). With global sensitivity analysis, it is possible
to add uncertainties to all parameters and assess the effect that
they produce together in the population dynamics. Here, we simul-
taneously varied each parameter in an interval whose lower and
upper limits were, respectively, 10% lower and 10% higher than the
point estimate (for the carrying capacities, we did not consider val-
ues lower than the point estimates). We  used the Latin hypercube
algorithm (Soetaert and Petzoldt, 2010) to sample the parameters
of their respective intervals, in each one of the 100 population
dynamics simulations.
2.4. Local sensitivity
We calculated local sensitivity analysis to assess the inﬂuence
that each parameter at its point estimate, has in the population
dynamics (Reichert and Kﬁnsch, 2001). We  used these calculated
inﬂuences as a guide to prioritize population management inter-
ventions focused on the respective parameters.
2.5. Simulated scenarios
We built scenarios combining variations in the abandonment (0,
0.05 and 0.2 year−1), immigration (0 and 0.2 year−1), sterilization
(0, 0.01, . . .,  0.19 and 0.20 year−1) and adoption rates (0, 0.05 and
0.2 year−1), while keeping the other parameters ﬁxed.We performed the analyses in R (R Core Team, 2015), using the
capm 0.8.0 package (Santos Baquero et al., 2015) (S1 Appendix. R
code.).
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Table 1
Initial conditions and parameters or a compartmental model of dog population dynamics.
Value Description Reference
Initial cond.
f1 11,235 Intact owned females Survey estimate
fs1 3350 Sterilized owned females Survey estimate
m1 10,483 Intact owned males Survey estimate
ms1 2173 Sterilized owned males Survey estimate
f2 613 Intact stray females (Matos and Alves, 2002)
fs2 68 Sterilized stray females (Matos and Alves, 2002)
m2 647 Intact stray males (Matos and Alves, 2002)
ms2 34 Sterilized stray males (Matos and Alves, 2002)
Parameter
b1 1881 Births in the owned-dog population Survey estimate
df1 = dfs1 0.051 Mortality rate of owned females (year
−1) Survey estimate
dm1 = dms1 0.066 Mortality rate of owned males (year−1) Survey estimate
sf1 0.12
a Sterilization rate of owned females (year−1) Modelled
sm1 0.08
a Sterilization rate of owned males (year−1) Modelled
k1 29,965 Carrying capacity of the owned-dog population Modelled
h1 1 Mean females per harem in the owned-dog population (Ferreira, 2010)
a  0.05b Abandonment rate (year−1) Modelled
v 0.20c Immigration rate (Proportion of k1 year−1) Modelled
z  0.10 Proportion of sterilized immigrants Modelled
b2 463 Births in the stray population (Amaku et al., 2010)
df2 = dfs2 0.22 Mortality rate of stray females (year
−1) (Amaku et al., 2010)
dm2 = dms2 0.22 Mortality rate of stray males (year−1) (Amaku et al., 2010)
sf2 0.07
a Sterilization rate of stray females (year−1) Modelled
sm2 0.04
a Sterilization rate of stray males (year−1) Modelled
k2 1498 Carrying capacity of the stray population Modelled
h2 0.5 Mean number of females per harem in the stray population Modelled
˛  0.05b Adoption rate (year−1) Modelled
In the simulation of scenarios, we also used the following values:
a (0, 0.01, . . .,  0.19 and 0.20).
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ib (0, 0.05 and 0.2).
c (0 and 0.2).
. Results
.1. Point estimates
According to point estimates, after 30 years, the total owned-dog
opulation decreased by 17% and the number of sterilized individ-
als increased by 108%. In the stray population, the total number
f animals decreased by 5% and the number of sterilized animals
ncreased by 166%.
.2. Global sensitivity
After 30 years, the decrease in the total number of owned
ogs was consistent in all simulations (minimum = 22,206, maxi-
um  = 25,199 and standard deviation = 682), as was  the increase
n the total number of sterilized owned dogs (minimum = 11,074,
aximum = 13,344 and standard deviation = 492) (Fig. 2 – Supple-
entary ﬁle). In the stray-dog population, the total number of dogs
aried around the initial value (minimum = 1299, maximum = 1428
nd standard deviation = 36), and the total number of sterilized
ogs consistently increased (minimum = 251, maximum = 345 and
tandard deviation = 19) (Fig. 2 – Supplementary ﬁle).
Supplementary Fig. 2 related to this article can be found, in the
nline version, at http://dx.doi.org/10.1016/j.prevetmed.2015.11.
09.
.3. Local sensitivityWe  classiﬁed the parameters by the L1 norm values of the
ensitivity matrix (Figs. 3 and 4 – Supplementary ﬁles). In the
wned- and stray-dog populations, the respective carrying capac-
ty was the most inﬂuential parameter. In the classiﬁcation ofthe total number of owned dogs, the immigration rate was more
inﬂuential than the abandonment rate. The number of births and
the mortality and sterilization rates were the next-most impor-
tant parameters in the classiﬁcation rank (Fig. 3 – Supplementary
ﬁle). In the classiﬁcation of sterilized owned dogs, the aban-
donment and sterilization rates were more inﬂuential than the
immigration and mortality rates. The number of births became
less inﬂuential than the mortality rate and than the proportion of
sterilized immigrants (Fig. 3 – Supplementary ﬁle). For the total
number of stray dogs, the abandonment rate and the carrying
capacity of the owned-dog population were next in the classiﬁ-
cation rank, and the adoption rate became more inﬂuential than
the number of births and the sterilization, mortality and immi-
gration rates (Fig. 4 – Supplementary ﬁle). In the classiﬁcation
for the total number of sterilized stray dogs, the inﬂuence of
the number of births and the sterilization rates of the stray- and
owned-dog populations were increased (Fig. 4 – Supplementary
ﬁle).
Supplementary Figs. 3 and 4 related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.prevetmed.
2015.11.009.
3.4. Scenarios
In scenarios without immigration, the owned- and stray-dog
populations decreased with sterilization. The abandonment rates
reduced the size of the owned-dog population by a greater mag-
nitude than the sterilization rates. In the scenarios with more
abandonment, the effect of sterilization decreased, especially
in the owned-dog population. Sterilization and adoption were
synergistic in reducing the stray population, and adoption was the
most effective factor. Variations in the adoption rates minimally
inﬂuenced the effects of sterilization and abandonment in the
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wned-dog population. Except for the stray-dog population in
cenarios without abandonment, immigration reduced the magni-
ude of the sterilization, abandonment and adoption effects (Fig. 5
 Supplementary ﬁle).
Supplementary Fig. 5 related to this article can be found, in the
nline version, at http://dx.doi.org/10.1016/j.prevetmed.2015.11.
09.
The relative variation was greater in the total number of ster-
lized dogs than in the total number of dogs. The greater the
bandonment, the lower the effect of sterilization in the owned-dog
opulation and the higher the effect in the stray population.
doption decreased the number of sterilized stray dogs, thereby
educing the absolute increase in the number of sterilized dogs as
 result of sterilization. Except for the stray population in scenar-
os without abandonment, immigration reduced the magnitude of
terilization, abandonment and adoption effects (Fig. 6 – Supple-
entary ﬁle).
Supplementary Fig. 6 related to this article can be found, in the
nline version, at http://dx.doi.org/10.1016/j.prevetmed.2015.11.
09.
. Discussion
The model developed allowed us to jointly evaluate the effects
f several factors on the dog population dynamics, considering the
nteraction between owned- and stray-dog populations. The sensi-
ivity analyses allowed us to see how the size of a population varied
s a result of changes in the parameters. Moreover, by local sensi-
ivity analyses, we quantiﬁed the inﬂuence of the parameters and
onsequently the impact of potential interventions.
In the simulations of point estimates, there was a decrease in the
otal number of dogs with a concomitant increase in the number of
terilized animals. In real situations, factors that affect the popula-
ion dynamics hardly assume a single value for prolonged periods of
ime. However, if we assume that the real values of parameters do
ot represent extreme values relative to the intervals deﬁned for
ach parameter, then simulations based on point estimates indi-
ate the most likely trend, given that global sensitivity simulations
redicted the same trend. In the dynamics of the total number
f stray dogs, there was a discrepancy between the global sensi-
ivity simulations and the point estimate simulation, as some of
he former predicted an increased value and others predicted a
ecreased value. However, both results were similar because they
oth predicted a stabilization of the number of stray dogs at values
lose to the initial value.
Although carrying capacity was the more inﬂuential parameter
or the owned-dog population, interventions targeting the reduc-
ion of carrying capacity are pointless in practice as they would
mply reductions in a human-dog coexistence, which it is known
or its mutual beneﬁts (Podberscek, 2006). In contrast, reducing the
arrying capacity (food sources and shelters) is an intervention to be
onsidered for stray-dog population. However, abandonment must
e reduced too and adoption increased; otherwise, the effect of the
educed carrying capacity will be mediated only by the increased
ortality due to the lack of resources.
Except for the sensitivity of the total number of sterilized stray
ogs, abandonment was more inﬂuential than sterilization and pro-
uced variations in both the owned- and stray-dog populations.
dditionally, abandonment allowed variations in the stray pop-
lation generated by parameters of the owned-dog population,
mphasizing the importance of abandonment for population man-
gement. Due to the ratio between owned and stray dogs, a given
bandonment rate represented more dogs than a corresponding
doption or sterilization rate in the stray population. As a result,
he effects of adoption and sterilization of stray dogs were reversed
y abandonment.nary Medicine 123 (2016) 121–127 125
The effects of sterilization were more pronounced when the
dynamics of sterilized animals was analyzed. This raises two ques-
tions that should not be ignored. First, if the effects of sterilization
are evaluated only by changes in the total size of the population,
the effect of this intervention may  be underestimated. Second, the
expected effect of sterilization should be mainly the increase in the
sterilized fraction of the population and not the decrease in the
owned-dog population, because the number of dogs in households
is determined by the people who choose to live with dogs. Thus,
when this option is not changed, the population decrease caused
by sterilization tends to be compensated by other mechanisms,
such as acquisition from external sources (for example, trade, other
regions).
The variation generated by the number of births combined
with the sterilization rates showed the potential inﬂuence of
sterilization. One study found that female sterilization is more
efﬁcient than male sterilization in some cases and that this efﬁ-
ciency depends on the initial population size, the growth rate,
the sterilization rate and the time during which the reproductive
control is maintained (Akamine and Amaku, 2012). By analyz-
ing local sensitivity, we found that female sterilization and male
sterilization had similar effects. Nevertheless, when compared to
owned and stray females, the sterilization of owned and stray
males produced greater inﬂuence in the total number of owned
dogs and in the total number of sterilized stray dogs, respec-
tively.
The recruiting of dogs is an important factor for population man-
agement. For example, in Arac¸ atuba, São Paulo, a Brazilian city that
is endemic for canine visceral leishmaniasis, 38.8% of dogs eutha-
nized for being seropositive for leishmaniasis were replaced by 2
or more dogs in an average period of 4 months (Nunes et al., 2008).
Birth and immigration are general sources for recruitment, and
abandonment (ﬂow of animals from owned to stray populations)
and adoption (ﬂow of animals from owned to stray populations)
are two speciﬁc forms of immigration. We restricted the meaning
of immigration to differentiate it from abandonment and adop-
tion and to uniquely represent the ﬂow of dogs from external
areas and trade. The latter was  considered a contingent different
from the owned-dog population (for example, formal and informal
breeding). Although trade also involves the owned-dog popula-
tion as a source for dogs, we  chose to simplify the deﬁnition to
limit the number of parameters in the model and also because
we believe that interventions aimed at trade sources, such as the
ones deﬁned here, must be differentiated from interventions aimed
at the owned-dog population. Also, the deﬁnition of immigration
rates as a function of carrying capacity, represents the recruitment
potential from external areas and trade (or equivalently, the lim-
itation to this source of recruitment, imposed by the number of
owned dogs that people decide to acquire). In our simulations,
immigration was the factor that generated the second-most vari-
ation in the dynamics of the total number of owned dogs, which
made us consider trade as a relevant factor for population manage-
ment. Scenarios conditioned on immigration rate varied from not
immigration at all (immigration rate = 0%) to an immigration rate
as high as 60%, which is a value already reported (Morters et al.,
2014).
The importance of dog trade is further emphasized by an implicit
relationship between dog trade and the carrying capacity of the
owned-dog population. When dog trade and the industry of prod-
ucts for pet animals indiscriminately encourage dog purchase, this
may  create false expectations for consumers regarding living with
dogs. False expectations predispose to situations in which dog
behavior is problematic, which creates incompatibility between
the lifestyle of people and changes that result from purchas-
ing a dog (Patronek et al., 1996). Thus, indiscriminate dog trade
may  be a risk factor for abandonment due to the behavior and
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ncompatibility problems mentioned, which are the main factors
ssociated with abandonment (Scarlett et al., 1999; Salman et al.,
000). If traders of dogs and dog products take responsibility to
void false expectations, it is expected that a fraction of potential
lients will give up the idea of purchasing dogs when they under-
tand that they are not ready to care for one. This translates into a
ecrease in the carrying capacity and in the prevention of abandon-
ent as a result of false expectations. However, this responsibility
eans economic losses for the industry of pet animals, so envi-
onmental contingencies are needed to counteract such economic
osses (Fournier and Geller, 2004). Moreover, dog trade may  also
ontribute to population management by providing sterilized ani-
als.
The simulated birth and mortality rates were greater in the stray
opulation. When compared to the owned-dog population, this
mplicitly represented the increment in the birth rate due to the
elative lack of reproductive control and the increase in mortality
ue to adverse conditions inherent to the fact that stray dogs live
n the streets.
We decided not to simulate the effect of euthanasia because
opulation management programs increasingly promote more
umanitarian methods as an alternative to euthanasia and because,
n the long term, the effect of euthanasia is not signiﬁcantly greater
han that of other interventions such as sterilization (Amaku et al.,
010; Akamine and Amaku, 2012). Either way, it should be noted
hat the effects of mortality rates had greater inﬂuence than ster-
lization rates only on the total number of owned dogs. We  also
ecided to not simulate the effect of stray dog immigration to rep-
esent a net migration equal to zero (immigrations compensated by
migrations). Furthermore, if immigration is higher than emigra-
ion, it would represent a small fraction of the recruited animals
nd thus, it would have a little impact in population dynam-
cs.
We  decided to simulate a stray population to show what could
appen in scenarios concerned with these populations. Given the
ack of stray dog ecology data, we had to resort to modeled
arameters or outdated reports. However, we  think that the
arametrization is not far from reality, and uncertainties around
hese parameters were one of the reasons to make sensitivity anal-
sis. Regarding stray-dog population size, a previous study made
n Serra Azul, São Paulo, Brazil, estimated the stray population size
s 5% of the owned-dog population (Matos and Alves, 2002) and
e used this estimate because we do not know other estimates
nd Serra Azul is in São Paulo state (Votorantim, the other city
rom which we obtained estimates is also in São Paulo state). That
ecision to simulate a stray population do not impede the gener-
lization of our results to scenarios concerned only with owned
opulations because as shown by local sensitivities, parameters
rom the stray population had negligible effects on the owned pop-
lation.
The use of constant parameters is useful for comparing sce-
arios but simulated dynamics should not be naively interpreted
s forecasts. It is important to note that our results are expected
n Votorantim and possibly other similar cities, just under the
ssumption of constant parameters.
Similar to other simulations (Ferreira, 2010), each simulated
cenario was a particular combination of constant parameters so
hat the smaller the base population, the smaller the number of
nimals represented by a given rate. This has implications that
epend on the parameter being addressed. For example, with the
ecrease in the number of intact dogs, the efforts to maintain a
onstant sterilization rate decrease over time, and so do the efforts
o maintain a constant adoption rate in a decreasing stray popula-
ion.
During the design of the survey used to estimate the owned-dog
opulation parameters, we unintentionally ignored somenary Medicine 123 (2016) 121–127
parameters that we came to consider relevant during the con-
struction of the model. Although we  aimed to estimate vital rates
conditioned by age as made by Ferreira (2010), the age structure
that we found exhibited marked irregularities, and there were no
births in some of the age categories. For this reason, we did not
include an age structure.
5. Conclusions
Changing the carrying capacity is the most effective way to
modify the dog population dynamics. This results in different inter-
ventions for owned- and stray-dog populations. The prevention of
abandonment is justiﬁed by the impact that it may  have on both
the owned- and stray-dog populations. Dog trade control affects the
second-largest source of sensitivity for the total number of owned
dogs and contributes to the prevention of abandonment. The evalu-
ation of the effects of sterilization must focus more on variations of
the infertile population fraction than in variations of the population
size. Adoption contributes to the management of stray dogs and
may  attenuate the negative effects of a reduced carrying capacity
on the well-being of these dogs.
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